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Introduction 
 

The Advance Energy Vehicle (AEV) design project is a team-based project that introduces 

concepts of project management and teamwork, the design process, and project 

documentation. AEVs are small (<500 grams), autonomous, electric motor-powered, propeller-

driven vehicles that are suspended from and maneuver along a monorail track systems hung 

from the laboratory ceilings, see Figure 1 for example. The AEV structure is constructed with 

components provided in a lab kit which includes pre-fabricated PVC sheet structure, monorail 

wheels, electric motor(s), propeller(s) and an in-house built AEV- Autonomous Control System 

with externally mounted and adaptable sensors for feed-back control. AEVs are designed based 

on a series of labs and performance tests that utilize wind tunnels and cover topics such as 

electric motor and air-breathing propulsion performance, system efficiency, automatic control 

programming, and energy management in completing the operational objectives provided.  

 
Figure 1: AEV Example (Night-Hawk) 

Lab Objectives 
 

The AEV design project consist of three main objectives: 

1. Project Management and Teamwork - Project management and teamwork throughout 

the design process is regularly evaluated by requiring an updated project portfolio and 

team working agreement. Each team tracks and manages the design-build project 

through portfolio records that contain initial concepts, brainstorming notes, delegation 

of tasks, laboratory team executive summaries and memos, and weekly performance 

test summaries. The final AEV designs are evaluated during individual competitions and 

scored based on performance and design criteria. At the end of the project a final report 
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is submitted and a PowerPoint presentation is developed to present the teamǎΩ ǿƻǊƪ to 

the class. 

 

2. Design Process - The design process consists of the following: 

a. Identifying the project requirements and constraints. 

b. Gathering background information. 

c. Brainstorming initial concepts. 

d. Identification of management of materials. 

e. Preliminary analysis and initial design. 

f. The build/test/modify/document cycle.  

A schematic of the AEV process is shown in Figure 2 

 

Figure 2: AEV Design Process 
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(Problem Definition)
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3. Project Documentation ς Project documentation for the AEV design project includes 

three parts: 

a. Project Portfolio - The team shall maintain an electronic project portfolio and 

keep a complete record of the work that the team has done to create the final 

AEV product. The project portfolio should include all related documentation 

from the beginning of the semester until the completion of the project. 

b. Midterm and final written report - The team will provide a preliminary (midterm) 

and critical (final) design review of all aspects of the design process.  

c. Oral Presentation - The team will develop and give a PowerPoint presentation of 

the AEV design experience.  

AEV Showcase (Spring Semester Only) ς The AEV showcase is an event where teams from all 

different classes can display their work and be judged for various engineering design awards.   

 

Table 1: Important Acronyms 

Acronym Meaning Definition 

AEV Advance Energy Vehicle 
Small, Autonomous, electric, motor-

powered, propeller-driven vehicle 

   

CDR Critical Design Review 
End of semester progress report 

summarizing the entire semester 

   

LPQ Lab Proficiency Quiz 
[ŀō ǉǳƛȊ ǘƻ ǘŜǎǘ ǎǘǳŘŜƴǘǎΩ ƪƴƻǿƭŜŘƎŜ ƻƴ 

everything AEV 

   

MCR Mission Concept Review 
It specifies the mission objectives and 

detailed specifics 

   

PDR Preliminary Design Review 
Midterm progress report summarizing 

the AEV design up until Lab 08 

   

PT Performance Test 
The labs post-LPQ in which students 

have one task to complete per week 

   

TRR Test Readiness Review 

Small memo document to describe the 

ǿŜŜƪΩǎ ƭƻŀŘ ŀƴŘ Ƙƻǿ ƛǘ ǿƛƭƭ ōŜ 

distributed amongst the team  
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The guidelines that must be followed at all times in the lab are as follows: 
 

1. ALWAYS get circuit and program verified by instructional staff prior to plugging in the 
power. 

2. 5ƻ ƴƻǘ ǎǘŀƴŘ ƛƴ ǘƘŜ ǇǊƻǇŜƭƭŜǊΩǎ ǇƭŀƴŜ ƻŦ ǊƻǘŀǘƛƻƴΦ 
3. Do not put your finger in the propeller. 
4. No dangling jewelry or loose clothes. 
5. bƻ ΨƻǇŜƴΩ ǎƘƻŜǎΦ /ƭƻǎŜ-toed shoes or boots only. 
6. No climbing or standing on chairs or tables. 
7. Be aware of sharp corners and edges which may exist on tables or on apparatus and 

tools. 
8. Always know the location of the phone and of the first-aid kit. 
9. Report to the instructor ALL injuries occurring during lab. 
10. ALWAYS FOLLOW THE PROPER TESTING PROCEDURE 

 
Failure to follow these rules and guidelines may result in losing lab privilege with loss in lab 
participation grade for the course.   
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The following outlines the testing procedure for AEV operation on the track to minimize the 
potential of damaging the AEV, AEV components, and YOU.  
 

AEV Desktop-track Setup and Controller Software Confirmation 
¶ Each AEV must demonstrate proper balance on the desktop track with the AEV center-of-

gravity in between and directly below the two monorail track wheels. 

¶ The vertical support arm must be equal to or less than 6 inches from the monorail track. 

¶ IF major changes are made to the AEV Controller Software in between runs, confirmation of 
the desired programmed power control must be checked statically on the desktop track 
prior to testing on the classroom track. 

¶ The AEV power must be off when transferring AEV from the desktop to the classroom track. 
 

AEV Classroom-track Testing Procedure 
1. AEV power OFF. 
2. A team member must be at each station.  
3. Teammate #1 takes the AEV to the Beginning/Starting Point. 
4. All other teammates must be at their designated stations and be prepared to stop the AEV if 

it does not pass the required operation procedure in designated location.* 
5. Inform classmates (if in operational area) that AEV operation is going to start.  
6. Teammate #1 sets AEV on the monorail track and turns AEV power on.  
7. Receive confirmation from all other Teammates that they are ready. 
8. Begin AEV operation by pressing the AEV Automatic Control System start button. 
 

*The Teammate must place their hand above the track at of the designated stopping area. 
 

AEV Operation Pass/Fail Conditions 
¶ If the AEV stops within the designated stopping area, the vehicle passes the required 

operation stopping procedure. 

¶ If the AEV stops prior to the designated stopping area the AEV does not pass and MUST be 
ǎǘƻǇǇŜŘ ōȅ ƎǊŀōōƛƴƎ ǘƘŜ !9±Ωǎ ƳƻƴƻǊŀƛƭ ǘǊŀŎƪ ǿƘŜŜƭǎΦ 

¶ If the AEV continues through the designated stopping area (without stopping at all), the AEV 
a¦{¢ ōŜ ǎǘƻǇǇŜŘ ōȅ ƎǊŀōōƛƴƎ ǘƘŜ !9±Ωǎ ƳƻƴƻǊŀƛƭ ǘǊŀŎƪ ǿƘŜŜƭǎ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŘŜǎƛƎƴŀǘŜŘ 
stop and turning the power switch off. 



 

  

13 
 

ADVANCED ENERGY VEHICLE  

     

  

INSTRUCTOR MANUAL Lab Calendar 

2015-2016 AEV Project Schedule (Engineering 1182 / 1188) 

Topic No. Title 
Points 

Available 
Assigned 

Date Due Date 

Labs 1 Creative Design Thinking 80 Lab 01 Lab 02 

 
2 Programming Basics 80 Lab 02 Lab 03 

 
3 Concept Screening & Scoring 80 Lab 03 Lab 04 

 
4 External Sensors 80 Lab 04 Lab 05 

 
5 System Analysis 1 95 Lab 05 Lab 06 

 
6 System Analysis 2 95 Lab 06 Lab 07 

 
7 Design Analysis Tool 55 Lab 07 Lab 08A 

 
8 Lab Proficiency Quiz (LPQ) 100 Lab 07 Lab 07 

      

Test Readiness  
Reviews (TRR) 

1 Performance Test 1 - TRR 55 Lab 07 Lab 08A 

2 Performance Test 2 - TRR 55 Lab 08C Lab 09A 

3 Performance Test 3 - TRR 55 Lab 09C Lab 10A 

   
   

Performance  
Test Memos 

1 Performance Test 2 - Memo 100 Lab 09A Lab 10B 

2 Performance Test 3 - Memo 100 Lab 10A Lab 11B 

   
   

Design  
Reviews 

1 Preliminary Design Review 200 Lab 07 Lab 09B 

2 Critical Design Review 200 Lab 09A Lab 12C 

   
   

Final  
Documentation 

1 Project Portfolio 100 Lab 01 Lab 12C 

2 Oral Presentation Draft 25 Lab 07 Lab 10C 

 

3 Oral Presentation 100 Lab 07 Lab 12 B/C 

   
   

Quizzes 1 Quiz 1 5 Lab 00 Lab 01 

 
2 Quiz 2 5 Lab 01 Lab 02 

 
3 Quiz 3 5 Lab 02 Lab 03 

 
4 Quiz 4 5 Lab 03 Lab 04 

 
5 Quiz 5 5 Lab 04 Lab 05 

 
6 Quiz 6 5 Lab 05 Lab 06 

   
   

Bonus 1 Bonus Video Part 1 50 Lab 00 Lab 07 

 

2 Bonus Video Part 2 200 Lab 00 Lab 12C 

* This schedule is subject to change based on instructor discretion 

** See Course Syllabus to see grade percentages and distribution 
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Background 
The galactic empire is rebuilding their army after the destruction of the Death Star.  The rebel 

alliance needs to prepare for war on remote planets to ensure that the galactic empire is 

unaware of operations.  Due to being on remote planets, power is very limited.  The alliance is 

looking for a monorail network system to transport their R2D2 units which are constructed on 

one side of the land to where the interceptor aircrafts are being assembled through the means 

of a green, energy efficient, and cost effective system.  The need for an energy efficient system, 

like an Advance Energy Vehicle (AEV), is due to the base being located on a remote planet 

where power is a luxury.   

 

Mission Objectives  
The scaled transport-AEVs will focus on energy management, operational efficiency and 

operational consistency.  Energy used per mass of the AEV will be measured and recorded 

during AEV operation.  The goal is to successfully pick up and deliver precious cargo stored on a 

caboose while meeting the operational requirements, design constraints and minimizing the 

energy/mass ratio.  Due to the planet being remote and unstable, the monorail may have slight 

variations over time due to the planets shifting faults, therefore, the AEV should be not depend 

on a specific track.  The AEV should have operational consistency in which the AEV performs 

consistently regardless of type of cargo (cargo should not fall off track) or power supplies 

(battery).  As contractors, it is the goal to create a model scale AEV to perform the Scenario in 

which the team will defend their final product to the rebel alliance (instructional staff: 

LƴǎǘǊǳŎǘƻǊΣ D¢!Σ ŀƴŘ ¦¢!ΩǎύΦ  ¢ƘŜ ǘƻǇ ǘƘǊŜŜ ǇŜǊŦƻǊƳƛƴƎ and creative !9±Ωǎ ǿƛƭƭ Ǝƻ ƻƴ to the AEV 

Showcase (SPRING Semester 2016 only) to compete for prizes and the overall goal of obtaining 

the contract for construction of the AEV design.  
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Monorail Network Description 

 
 

 
Figure 3: Classroom division of track layout 

 

Front of Classroom 
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The class is split up into four different rows which will use the specified section of the track (see 

Figure 3).  The colored box represents the color section of the track as seen in Figure 3. Tables 

A-D will have the outside track on the right side of the classroom (facing the front of the 

classroom) where tables E-I will have the inside, right side of the track.  Tables J-N will have 

inside left side of the track and finally tables O-R will have outside left side.  This layout is 

subject to change based on insǘǊǳŎǘƻǊΩǎ ŘƛǎŎǊŜǘƛƻƴ ŀƴŘ ǘƘŜ Ŏƭŀǎǎ ǎƛȊŜΦ 

 

AEV Operational Requirements  
The scaled transport-AEV must complete the following scenario while minimizing the 

energy/mass ratio.  The team will only have half the track to utilize.  The scenario is the 

following and is highlighted in Figure 4, Figure 5, and Figure 6: 

1. Start at the Drop-off area (see Figure 4) with the front wheel of the AEV just behind 

Mark 1. 

2. The AEV will traverse to the gate to be checked in. 

a. To successfully get through the gate the AEV must trip (pass by) the first sensor 

only. This is the blue sensor in Figure 5. Once the sensor has been activated, it 

takes the gate 7.0 seconds to open. If the AEV gets too close to the gate and trips 

the red sensor the gate will lock and the AEV will not be granted permission to 

pass through the gate.  

3. Navigate to the cargo area (see Figure 6). 

4. Stop at the cargo area and pick up an R2-D2 and wait 5.0 seconds to verify cargo is all 

loaded. 

5. Travel back to the gate. 

a. To successfully get through the gate the AEV must trip (pass by) the first sensor 

only. This is the blue sensor in Figure 5. Once the sensor has been activated, it 

takes the gate 7.0 seconds to open. If the AEV gets too close to the gate and trips 

the red sensor the gate will lock and the AEV will not be granted permission to 

pass through the gate.  

6. Traverse to the drop-off area. To successfully complete the mission objective, both 

wheels of the AEV must be between Mark 2 and the start point (Cargo does not have to 

be within these two marks.).  

Note: The scaled transport-AEV must complete the circuit within 2.5 minutes.  The cargo is 

fitted with a small magnet (see Figure 6).  There needs to be a clearance of a minimum of 2 x 2 

inches between the magnet and the Arduino board.  The AEV must fit in the plastic bin that it 

was issued in (the plastic wheel arms can be discounted along with propellers). 
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Figure 4: AEV Track Layout 

Back of Classroom 

Front of Classroom 
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Drop-off Area NOTE: Track is symmetrical with 

all the gate systems having the 

same dimensions and the cargo 

area for both the inside and 

outside tracks having the same 

dimensions. Figure 5: AEV Track Layout Beginning and Gate Specifics 

Gate System 

7 inches 7 inches 7 inches 7 inches 

Sensor 

8 inches 

8 inches 

Gate Arm 

3.25 inches 

3.25 inches 

Mark 1 Mark 2 Mark 2 Mark 1 
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Cargo Area

 
 7 inches 

Figure 6: AEV track layout cargo area and cargo 

Cargo 

Cargo Specifications 

Weight: 220 + 5 grams 

Dimensions: 2.75 x 7.5 x 5.5 inches (W x L x H) 

7 inches 7 inches 

Front View 

Side View 

Magnet 
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Lab 01: Creative Design Thinking 
Objectives 

1. Learn two techniques used for creative design thinking. 

2. Become familiar with obstacles to creativity. 

3. Become familiar with the components in the AEV kit. 

4. Learn the basic of orthographic drawings. 

5. Brainstorm on individual AEV concept sketches. 

Lab Equipment 
1. AEV desktop stand. 

2. AEV kit 

Background: Creative Design Thinking 
Creativity according to the Merriam-²ŜōǎǘŜǊ ŘƛŎǘƛƻƴŀǊȅ ƛǎ άǘƘŜ ŀōƛƭƛǘȅ ǘƻ ōǊƛƴƎ ƛƴǘƻ ŦǊǳƛǘƛƻƴ 

ƻƴŜΩǎ ƻǊƛƎƛƴŀƭΣ ƛƳŀƎƛƴŀǘƛǾŜ ŀƴŘκƻǊ ŜȄǇǊŜǎǎƛǾŜ ƛŘŜŀǎ ŀƴŘ ŎƻƴŎŜǇǘǎ ǘo serve new purposes and/or 

fulfill a need.έ 9ƴƎƛƴŜŜǊǎ ǳǎŜ ǘƘŜƛǊ ŎǊŜŀǘƛǾƛǘȅ ǘƻ ƎŜƴŜǊŀǘŜ ǳǎŜŦǳƭ ƛŘŜŀǎ ŀƴŘ ǎƻƭǾŜ ǇǊƻōƭŜƳǎΦ  

The conceptualization of successful creativity consist of two processes:  (1) Generating a useful 

idea and (2) communicating the idea. Generating a useful idea is usually achieved in two 

different situations. 

a. In the first situation, a need exists and a product is developed to fill the need 

b. The second situation would be one in which new technology gives rise to a new product 

and then, a need has to be created. Often this can be done with successful marketing 

and advertising, but it is always more risky than designing for an existing need. 

There are several ways of communicating ideas. Many times people mistaken creative with 

artistry because the artistry is an effective means of expression. The ability to draw or sketch 

well can help to eaǎƛƭȅ ŎƻƳƳǳƴƛŎŀǘŜǎ ƻƴŜΩǎ ƛŘŜŀǎΦ However, those with little or no artistic ability 

should not be intimidated by design. CAD software and verbal descriptions are incredibly useful 

tools and should not be overlooked. 

 

Offering an aesthetically appealing product is also a large portion of helping to communicate 

ŀƴŘ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ǳǎŜǊΩǎ ŀǘǘǊŀŎǘƛƻƴ ǘƻ ǘƘŜ ǇǊƻŘǳŎǘΦ !ŎƪƴƻǿƭŜŘƎƛƴƎ ǘƘŀǘ ŘŜǎƛƎƴ ƛǎ ƛƴŘŜŜŘ ŀ 

driving factor in the success of a consumer product is the first step to arriving at a strong 

market for a product. 

 

Many sources provide information on how to become more creative. Some creativity aids 

include: 

a. Study creative thinking techniques.  

b. Keep a daily journal/notebook ς record everything, not just project related information. 
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c. Indulge in relaxing activities. ¢Ƙƛǎ ƘŜƭǇǎ ǘƻ άŦǊŜŜέ ƻƴŜΩǎ ƳƛƴŘ ŀƴŘ ǇŜǊƳƛǘ ǘƘŜ Ŧƭƻǿ ƻŦ 

ideas.   

d. ¢ŀƪŜ ǇŀǊǘ ƛƴ ŀŎǘƛǾƛǘƛŜǎ ƻǳǘǎƛŘŜ ƻŦ ƻƴŜΩǎ ŎǳǊǊŜƴǘ ŦƛŜƭŘ ƻŦ ǎǘǳŘȅ ς it is very important in 

order to associate ideas from other applications. 

e. Read! wŜŀŘƛƴƎ ŀƭƭƻǿǎ ƻƴŜ ǘƻ ƛƴŎǊŜŀǎŜ ƻƴŜΩǎ ƛƳŀƎƛƴŀǘƛƻƴ ŀƴŘ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ǿƻǊƭŘΦ    

f. !ǎƪ ǉǳŜǎǘƛƻƴǎΦ  /ǳǊƛƻǎƛǘȅ ŀōƻǳǘ ƻƴŜΩǎ ŜƴǾƛǊƻƴƳŜƴǘ ƛƴŎǊŜŀǎŜǎ ƻƴŜΩǎ ƪƴƻǿƭŜŘƎŜΦ 

g. Finally, exchanging and sharing ideas allows for the free-flow of ideas.  Often the 

expression of different viewpoints helps to incite innovative ideas.   

Wǳǎǘ ŀǎ ǘƘŜǊŜ ŀǊŜ Ƴŀƴȅ ǿŀȅǎ ǘƻ ƘŜƭǇ ƛƴŎǊŜŀǎŜ ƻƴŜΩǎ ŎǊŜŀǘƛǾƛǘȅΣ ǘƘŜǊŜ ŀǊŜ ŀƭǎƻ Ƴŀƴȅ ƻōǎǘŀŎƭŜǎ 

that inhibit creativity.  The list includes: 

a. Fear of criticism.  

b. Lack of confidence. 

c. bŜƎŀǘƛǾŜ ǎǘǊŜǎǎ ŦǊƻƳ ƻƴŜΩǎ ƘƻƳŜ ŀƴŘ ǿƻǊƪ ŜƴǾƛǊƻƴƳŜƴǘ. 

d. Environmental obstacles due to busy life-style, high pressure and hectic work 

environment. 

e. Too much structure and rules that create barriers and limits to the flow of ideas. 

f. Conflicting goals within.  

These obstacles are often influenced by the environment, coworkers, or management.  Within 

the teams it is very important to be aware of these obstacles and avoid them. There are many 

techniques used throughout industry to generate, use and promote creative and innovative 

ideas (i.e., drawing, construction, research and lateral thinking etc.). There are multiple other 

ways to be creative.  The team is welcomed to explore these other ways as they are defined in 

the Appendix A ς Creative Design Thinking Techniques.  Two techniques that will be the focus in 

this lab are (1) brainstorming and (2) developing and keeping a project portfolio. 

 

Brainstorming is typically thought of as generating as many ideas as possible in a 

predetermined amount of time. Because criticism and negative attitudes inhibit creativity 

during the concept generation phase, one should have established rules within the group that 

prevent anyone from criticizing the ideas.   

 

Though not all sources completely agree on how to become more creative, a notebook of some 

type is always involved in the process.  The notebook should contains sketches and notes from 

ƛŘŜŀǎ ŀƴŘ ŎƻƴŎŜǇǘǎ ǘƘŀǘ ƻƴŜ ŜƴŎƻǳƴǘŜǊǎΤ ƛǘ ǎƘƻǳƭŘ ƴƻǘ ōŜ ƭƛƳƛǘŜŘ ǘƻ ƻƴƭȅ ǎǳōƧŜŎǘǎ ŀōƻǳǘ ƻƴŜΩǎ 

profession.  The pages of the notebook should be dated and it is a good idea to leave a few 

pages in the beginning to add a table of contents. For the AEV project, a project portfolio will 

ōŜ ǳǎŜŘ ǘƻ ǘǊŀŎƪ ǘƘŜ ǘŜŀƳǎΩ ǇǊƻƎǊŜǎǎΣ ƴƻǘŜ ǘŀƪƛƴƎ ŀƴŘ ǎǳōƳƛǘǘŜŘ ǿƻǊƪ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ 

semester.  The project portfolio will be done electronically that way the entire team has access 

to update the progress the team makes on the design project. 
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Lab Activity 
For this lab each team member will need to print off orthographic drawing paper provided in  

Additional information on Creative Design Thinking techniques are also available in Appendix A 

ς Creative Design Thinking Techniques as supplemental material for this lab.  

 

This lab activity entails brainstorming ideas for an initial AEV design as a team.  

1. [Time Frame: 15-20 minutes] The first task is for each group member to independently 

brainstorm on ideas of how the AEV should be designed/constructed. Each group 

member must complete a concept sketch in an orthographic view, see Figure 7. The 

components used in the AEV design should reflect the components provided in the AEV 

kit and/or components that can be used from outside of class. Before beginning to 

brainstorm be sure to review the list of design considerations listed below.     

  

2. [Time Frame: 15-20 minutes] Now as a group, brainstorm ideas of how the AEV should 

be designed/constructed. Complete, as a group, a concept sketch in an orthographic 

view, see Figure 7. Remember, the components used on the AEV design should reflect 

the components provided in the AEV kit. Components from a hobby store or 3D printed 

can be used. Be sure to review the list of design considerations listed below.      

 

3. As a team, begin working on construction of the initial AEV concept design. A fully 

constructed vehicle should be completed by Lab 03:  Concept Screening and Scoring. 

NOTE: Do NOT mount the motors and Arduino controller until after Lab 02: Arduino 

Programming Basics. ¢ƘŜǎŜ ŎƻƳǇƻƴŜƴǘǎ ǿƛƭƭ ōŜ ƴŜŜŘŜŘ ŦƻǊ ƴŜȄǘ ǿŜŜƪΩǎ ƭŀōΦ  

 

Design Considerations 

1. Review the Mission Concept Review (MCR) for details of the operational requirements 

of the AEV.  

2. NO METAL IS TO COME INTO CONTACT WITH THE AEV CONTROLLER BOARD. 

3. The AEV must traverse forward and backwards.  

4. Energy usage should be minimized (weight, aerodynamics, etc.).  

5. How many motors should be used and where should they be placed. 

6. What propellers should be used provided in the AEV kit. 

7. How can the vehicle be designed to handle variances in the track. (i.e., track 

independence ς slight uphill, downhill variations may cause coasting) 

8. Bonus: For all propellers there is a right and wrong way to orient the propeller. Rule of 

thumb is when looking at the propeller (i.e. AEV) from the front: 

a. The propeller number designation should be visible. 
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b. The propeller should be rotating counter-clockwise. 

Why is this important? Refer to Figure 7. Is the motor/propeller placement good for 

traversing forward AND backward?  

 

 
Figure 7: Example AEV Concept Sketch (Night-Hawk) 
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Executive Summary 
(Due Lab 02: Arduino Basics)  
 

Write an Executive Summary with formatting and content highlighted in the Technical 

Communications Guide under ΨExecutive SummaryΩ for specifics.  This summary is to be done as 

a team with the exception of the individual concept sketches (as seen in bullet point number 

three below). 

 

In addition to the requirements listed in the Technical Communications Guides, be sure to 

briefly address the following questions.  Answer within the summary and be sure not to use 

numbers or bullets. 

 

¶ (QUESTION 1) Provide descriptions of the main features and motivations of each 

individual design. Describe how the designs differ for the team and how that change will 

ƛƳǇǊƻǾŜ ƻǊ ƘƛƴŘŜǊ ǘƘŜ !9±Ωǎ ŀōƛƭƛǘȅ ǘƻ ŎƻƳǇƭŜǘŜ ǘƘŜ ǎŎŜƴŀǊƛƻ όŀǎ ǎǘŀǘŜŘ ƛƴ ǘƘŜ Mission 

Concept Review (MCR)). Are there any specific design features that will aid in any 

component of completing the Mission Concept Review? Were there any specific 

techniques used for the brainstorming session of the lab?  

 

¶ Provide each individual concept sketch.  Each sketch needs to be hand-drawn in the 3 

primary orthographic views with overall dimensions, scale, estimated weight, and an 

estimated Bill of Materials with the estimated cost of each part used (refer to the AEV 

kit checklist for AEV parts cost).  Do not forget to fill out the title block.  Orthographic 

paper is located in Appendix A ς Creative Design Thinking Techniques). 

 

¶ (QUESTION 2) Provide the descriptions of the main materials used in each individual 

design.  Discuss how this will determine the characteristics of the final design.  Will 

there be parts that will need to be fabricated or bought (3D printed, laser cut, and store 

bought materials)?   

 

¶ Use the individual concept sketches and the discussion and create a team concept 

sketch (with 3 primary orthographic views with overall dimensions, scale, estimated 

weight, and an estimated Bill of Materials with the estimated cost of each part used) 

that will be used in Lab 03.  
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Grading Rubric ς Lab 01: Creative Design Thinking 
Instructor:___________________                GTA:___________________                      Group:_____ 

                            

Content   

Total 

E
x
e
cu

tiv
e
 S

u
m

m
a
ry

 Co
n

te
n
t 

Purpose Background 

__ 

10 

5 Good / restated 5 Complete 

3 Poor / copied 3 Incomplete / not specific 

0 Lacking 0 Missing 

Objectivity             

__ 

3 

3 Objective results             

2 Some subjectivity             

0 Mostly subjective             

Question 1 ς How Designs Differ Question 2 ς Change Improve/Hinder 

___ 

6 

3 Justified with data and theory 3 Justified with data and theory 

2 Justified, incomplete data or theory 2 Justified, incomplete data or theory 

1 Not fully reasoned / verified 1 Not fully reasoned / verified 

0 Missing 0 Missing 

Conclusions  Team Concept Sketch 

___ 

11 

5 Relevant & supported 6  
Properly dimensioned, title box filled out, 

bill of materials, and cost 

3 Unsupported / irrelevant 4 Lacking few components 

2 Very lacking 1 Missing majority of components/poor 

0 Missing 0  Missing all components 

                            

                            

                  
Content Total                 / 30 
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Format & Language   

Total 

C
o

n
te

n
t Content             

__ 

4 

4 Appropriate content             

2 Excess content / vague details             

0 Vast excess content / content very vague             

                            

L
a
b

e
ls

 &
 

R
e
fe

re
n

c
e
s Labels Referencing 

__ 

6 

3 All present with good label descriptions 3 Well referenced & described in body 

2 Some missing or poor descriptions 2 Poor descriptions and/or references 

0 Missing or no description 0 Missing references 

                            

G
e
n

e
ra

l 

F
o

rm
a

t 

Errors             

__ 

4 

4 Fewer than 2 mistakes             

2 нπр mistakes             

0 More than 5 mistakes             
   

S
tr

u
ct

u
re

 

Brevity Clarity Flow 

___ 

11 

4 Concise 3 Clear 4 Smooth 

2 Some wordy areas 2 Few parts confusing 2 Few disjointed parts 

1 Very wordy 1 Many parts confusing 1 Many disjointed parts 

0 Exceedingly poor 0 Confusing overall 0 Very disjointed 

                            

W
o

rd
in

g 

Professionalism Tense / Person 

__ 

6 

3 No slang, jargon, etc. 3 No slips in tense/person 

2 Some slips in professionalism 2 1-3 slips in tense/person 

1 Distracting / poor 1 4-8 slips in tense/person 

0 Exceedingly poor 0 More than 8 errors 

                            

G
e
n

e
ra

l 

Spelling / Grammar / Punctuation 

__ 

4 

            

4 Minor errors   
    Writing Total                  / 35 

3 Few errors, but not distracting   

1 Distracts from readability   
   Content Total                  / 30 

0 Complete lack of proofreading   
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Individual Content 

A 
Sketch Title Box Bill of Materials   

7 

Dimensioned, 

Top/Right/Front View, and 

orthographically aligned 

4 

Name, scale, title, date, 

instructor's name, team 

letter 

4 

Parts with bubbled 

locations on sketch, cost 

and weight of each part 

  

  

A
p

p
e
n
d

ix
  

(C
o

n
c
e
p

t 
S

k
e
tc

h
)

 

5 
Lacking few dimensions, 

not aligned 
3 

Lacking one of the title 

box labels 
3 

Missing one of the above 

features 

___ 

15 

3 Poor / missing a view(s) 2 Lacking 2+ title box labels 2 
Poor / Lacking Hard to 

follow 
A 

0 Exceedingly poor / missing 0 Very poor / missing 0 Missing 

 

Student Name: _____________________________________________________          Total         /80 
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Individual Content 

 

Student Name: _____________________________________________________          Total         /80 

B 
Sketch Title Box Bill of Materials   

7 

Dimensioned, 

Top/Right/Front View, and 

orthographically aligned 

4 

Name, scale, title, date, 

instructor's name, team 

letter 

4 

Parts with bubbled 

locations on sketch, cost 

and weight of each part 

  

  

A
p

p
e
n
d

ix
  

(C
o

n
c
e
p

t 
S

k
e
tc

h
)

 

5 
Lacking few dimensions, 

not aligned 
3 

Lacking one of the title 

box labels 
3 

Missing one of the above 

features 

___ 

15 

3 Poor / missing a view(s) 2 Lacking 2+ title box labels 2 
Poor / Lacking Hard to 

follow 
B 

0 Exceedingly poor / missing 0 Very poor / missing 0 Missing 
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 Individual Content 

 

Student Name: _____________________________________________________          Total         /80  

C 
Sketch Title Box Bill of Materials   

7 

Dimensioned, 

Top/Right/Front View, and 

orthographically aligned 

4 

Name, scale, title, date, 

instructor's name, team 

letter 

4 

Parts with bubbled 

locations on sketch, cost 

and weight of each part 

  

  

A
p

p
e
n
d

ix
  

(C
o

n
c
e
p

t 
S

k
e
tc

h
)

 

5 
Lacking few dimensions, 

not aligned 
3 

Lacking one of the title 

box labels 
3 

Missing one of the above 

features 

___ 

15 

3 Poor / missing a view(s) 2 Lacking 2+ title box labels 2 
Poor / Lacking Hard to 

follow 
C 

0 Exceedingly poor / missing 0 Very poor / missing 0 Missing 
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Individual Content 

 

Student Name: _____________________________________________________          Total         /80 

D 
Sketch Title Box Bill of Materials   

7 

Dimensioned, 

Top/Right/Front View, and 

orthographically aligned 

4 

Name, scale, title, date, 

instructor's name, team 

letter 

4 

Parts with bubbled 

locations on sketch, cost 

and weight of each part  

 

A
p

p
e
n
d

ix
  

(C
o

n
c
e
p

t 
S

k
e
tc

h
)

 

5 
Lacking few dimensions, 

not aligned 
3 

Lacking one of the title 

box labels 
3 

Missing one of the above 

features 

___ 

15 

3 Poor / missing a view(s) 2 Lacking 2+ title box labels 2 
Poor / Lacking Hard to 

follow 
D 

0 Exceedingly poor / missing 0 Very poor / missing 0 Missing 
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Lab 02: Arduino Programming Basics 
Objectives 

1. Become familiar with the automatic control system hardware components. 

2. Setup the AEV software. 

3. Program the basic function calls in controlling the AEV. 

4. Be able to upload programs on the Arduino and test. 

5. Become familiar with troubleshooting techniques. 

 

Lab Equipment 
1. AEV motor mount desktop stand (Provided in Lab. See Figure 8). 

2. AEV Controller (Provided in AEV kit). 

3. Two Motors (Provided in AEV kit). 

4. USB Cable (Provided in AEV kit). 

5. Li-Po Battery (Provided in Lab. Must check out with Buck-ID). 

 

 

Figure 8: Motor stand with Lab 02 required equipment 
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Background: The AEV Controller 
The AEV Controller is a custom-made automatic controller and performance recorder system 
featuring an off-the-shelf Arduino Nano microcontroller and two motor chips, see Figure 9. This 
ǎȅǎǘŜƳ ǿŀǎ ŘŜǎƛƎƴŜŘ ǘƻ ōŜ ƭƛƎƘǘ ǿŜƛƎƘǘ όϤпо ƎǊŀƳǎύΣ ǎƳŀƭƭ ŦƻǊ ǇǊƻŘǳŎǘ ŘŜǎƛƎƴ όмΦнέ Ȅ оΦтέ Ȅ 
лΦснрέύΣ ŀƴŘ ǘƻ Ƴake use of a simple microcontroller with easy to use software. For more 
details on the motherboard layout and external parts and assembly see Appendix B ς AEV 
Controller.  
 

 
Figure 9: The AEV controller with an Arduino Nano 

 
The Arduino Nano is considered the heart of the AEV controller and will be used to control 
motor speeds, the time or distance the motors run for, and recording system data (introduced 
later in Lab 05: System Analysis 1). The Arduino Nano microcontroller uses the open source 
Arduino Integrated Development Editor (IDE). The software is available for free at 
http://www.arduino.cc.  
 
The Arduino programming language is very similar to C or C++ syntax. There is no prior 
programming experience in C or C++ is required for this project. A team of engineers has 
already developed the background software required for operating the motors of the AEV and 
ƘŀǾŜ ƳŀŘŜ ƛǘ ǎƻ ƻǇŜǊŀǘƛƴƎ ǘƘŜ !9± ƛǎ ŘƻƴŜ ǳǎƛƴƎ άŦǳƴŎǘƛƻƴ Ŏŀƭƭǎέ ƛƴ ǘƘŜ ǎƻŦǘǿŀǊŜΦ Calling on 
these functions is very similar in syntax as it is done in MATLAB.  
 
A description of the function calls are provided below.  Note that more function calls will be 
introduced in later labs.  
 
 

 

 

 

 

On/Off 

Switch 

Start Button 

Reset Button 

USB Connection 

http://www.arduino.cc/en/Main/ArduinoBoardNano
http://www.arduino.cc/
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Basic Function Calls 

¶ celerate(m,p1,p2,dt); 

o Accelerates or decelerates motor(s) m from start speed (%) p1 to end speed (%) 

p2 over the duration of dt seconds.  

o Four Arguments 

Á m: Motor number 1, 2, or 4 for all motors. 

Á p1: Start % speed (0% ς 100%) 

Á p2: End % speed (0% ς 100%) 

Á dt: Time span for celeration in seconds (1 ς 10) 

o Example:   celerate(4,20,45,2); 

Á Will accelerate all motors from 20% to 45% full power in 2 seconds. 

o Example:   celerate(2,40,0,4); 

Á Will decelerate motor 2 from 40% to 0% full power in 4 seconds. 

 

¶ motorSpeed(m,p); 

o Initializes motor(s) m at percent power p.  

o Two Arguments 

Á m: Motor number 1, 2, or 4 for all motors. 

Á p:  % Speed (0 ς 100) 

o Example:   motorSpeed(2,16); 

Á Sets motor 2 speed to 16% full power  

 

¶ goFor(dt); 

o Runs the motor(s) at their initialized state for dt seconds.  

o One Argument 

Á dt: Time span in Seconds 

o Example:   goFor(5); 

Á Runs the motor(s) at their initialized state for 5 seconds 

 

¶ brake(m); 

o Brakes motor(s) m. NOTE: This does not brake the AEV.  

o One Argument 

Á m: Motor number 1, 2, or 4 for all motors. 

o Example:   brake(2); 

Á Cuts the power from motor 2. 
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¶ reverse(m); 

o Reverses the polarity of motor(s) m.  

o One Argument 

Á m: Motor number 1, 2, or 4 for all motors. 

o Example:   reverse(2); 

Á Reverse motor 2  
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Lab Activity 
 

Equipment Setup  

1. Before mounting the propellers on the motors, it is important to note that propellers 

provide more thrust when mounted with the dull side of the propeller (the side with 

writing) facing the direction the vehicle is traveling. For this lab, mount the propellers 

with the dull side facing away from the motor casing. 

2. To mount the propeller on the motors, place the propeller hub flat on the table.  Now 

place the motor over the propeller and push the motor spindle into the propeller. Refer 

to Figure 10 for a visual representation. 

 
Figure 10: Properly installing a propeller to the motor 

 

3. The propeller should have a tight fit onto the motor spindle. If a propeller feels like it 

will slide off easily notify an instructional team member for a replacement. 

4. Place the AEV controller and motors in motor stands as displayed in Figure 8. 

5. AEV electrical connections best practice: Motors first, battery last! 

a. Never plug a battery directly into a motor. This may cause damage to the battery 

ŀƴŘ ǘƘŜ ƳƻǘƻǊ ŀƴŘ Ǌǳƛƴ ǘƘŜ ƭŀō ŦƻǊ ǘƘŜ ǿƘƻƭŜ ƎǊƻǳǇΦ 5ƻƴΩǘ ōŜ ǘƘŀǘ Ǝǳȅ όƻǊ ƎŀƭύΦ LŦ 

unsure at first, always feel free to ask an instructional team member for help. 

6. Connect motors 1 & 2. Note: The motor connections on the Arduino will have male 

connections. 

7. Make sure the power switch on the Arduino is in the OFF position. Orient the Arduino 

controller such that the red On/Off switch is on the left hand side facing towards the 

user. The switch should be all the way to the right in the OFF position.   

8. Connect the battery. Note: The battery connection on the Arduino will have a female 

connection 
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9. AGAIN, DO NOT EVER PLUG THE MOTOR WIRE INTO THE BATTERY WIRE.  

The setup should look similar to Figure 11.  

 

 
Figure 11: Lab and AEV parts assembled 

 

AEV Sketchbook Download  

Now that the experimental setup is complete, the next step is to learn about the Arduino 

software.  

1. Dƻ ǘƻ ǘƘŜ 99L/ ŎƻǳǊǎŜǎ ǿŜōǎƛǘŜ ŀƴŘ ǎŜƭŜŎǘ ǘƘŜ ƭƛƴƪ άAEV Documentsέ under the Lab 02 

web page.  

2. ¢ƘŜ !9± ǎƻŦǘǿŀǊŜ ƛǎ ŎƻƴǘŀƛƴŜŘ ǿƛǘƘƛƴ ŀ ȊƛǇ ŦƻƭŘŜǊ ŎŀƭƭŜŘ ά{ƪŜǘŎƘōƻƻƪέΦ 5ƻǿƴƭƻŀŘ ǘƘŜ 

Sketchbook zip-folder by selecting the link and save the zip folder to a flash drive or the 

Z: drive on the lab computer.  

3. Unzip the folder by right-clicking on the zipped folder -> 7-Zip -> Extract Here.   

 

The Arduino IDE  

The Arduino IDE is an open source programming environment that will be used for 

programming the AEV controller. 

1. Open the Arduino IDE from {ǘŀǊǘ Ҧ !ƭƭ tǊƻƎǊŀƳǎ Ҧ!ǊŘǳƛƴƻ 

 

 

Battery Connection 

Motor 2 Connection 

Motor 1 Connection 
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Arduino Sketchbook Setup  

In the Arduino IDE, the folder (i.e., sketchbook) location on the computer must be set in the 

program. Another way to think of this is an example of working in MATLAB. In order to run a 

script file in MATLAB the working directory in MATLAB must first be set to the location of the 

MATLAB script/function while being usedΦ Lƴ ǘƘƛǎ ƭŀō ǘƘƛǎ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άǎƪŜǘŎƘōƻƻƪ ǎŜǘǳǇέΦ 

 

To setup the AEV sketchbook, follow these steps: 

1. Under the File menu select Preferences. 

2. A separate window will appear. See Figure 12. 

3. ¦ƴŘŜǊ ά{ƪŜǘŎƘōƻƻƪ ƭƻŎŀǘƛƻƴέ (at the top of the window) select "Browse" and select the 

sketchbook folder, then click ok. Note: Do not click into the sketchbook folder. Only 

select the folder (by making sure the folder is highlighted). 

 

   
Figure 12: Setting the Arduino Sketchbook Location 
























































































































































































































